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F.g^ 1 hybr.d.ze At this time the distance of the vector-derived nucleic acid pans from the 
fo'rmed'b^^^^^^^ ""T'^V ^ )' the hybrid is more stable thanTe hybrid ~r 

ZTLjT.t ^f'-''' shown in Fig, 2, this hybrid being of the same size as the - 

otal area of the array of nucleic ac.d fragments. The vector-derived parts of a hybrid formed 
5 from one reagent pair are easily broken by, for example, mechanical strain/such as shaking In \ 5 
such a case the label already bound to the hybrid escapes. ^' ^' 

Since the improved nucleic acid reagents according to the invention are mofe sensitive than 
previously used nucleic acid reagents, they are suitable for demonstrating chromosomal 

i^earrangements and hereditary diseases. " 

10 Our invention relates to nucleic acid reagents comprising an array of nucleic acid fragments 10 
their combinations, their preparation, and their use for the detection of nucleic acids in 
hybridization methods. 

The characteristics of the invention are shown in the distinguishing features of the claims and 
the invention is described in greater detail in the following description and in the acompanyinq 
15 drawings, m which ^ ^ 

Figure 1 shows an array of sandwich hybrids. 
Figure 2 depicts a sandwich hybrid of the prior art, 

F/gure 3 shows the sites of two alternating series of nucleic acid fragments in a nucleic acid 
which has been selected for the preparation of an array of nucleic acid reagents according to the 
zU invention, ^ 

Figure 4 shows the corresponding sites of three alternating series of arrays of nucleic acid 
fragments. 

Figure 5 shows an array of nucleic acid fragments according to Fig. 3 separate (a) joined 
together (b) and both separate and joined together (c), 
25 Figure 6 shows an array of sandwich hybrids, 

us^?*^''^ ^^^"^^ ^^^^^ sandwich hybrids which is formed when separate fragments are 
us^?"'^^ shows an array of sandwich hybrid which is formed when joined b-fragments are 

30 Figure 6c shows an array of sandwich hybrids which is formed when bothseparate and joined 30 
D-tragments are used. r- j 

Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids 
Figure 8 shows an array of sandwich hybrids which are formed when the array of nucleic acid 
reagents according to Fig. 7, identifying different nucleic acids, are used 
35 Figure 9 shows an array of hybrids formed by a direct hybridization method 35 
Figure 7 0 shows the recombinant plasmid pKTH1220, 

Figure 1 1 shows an array of sandwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTH1220 are used. 
Figure 72 shows the recombinant plasmid pKTH 1 27 1 , 
40 Figure 13 shows an array of sandwich hybrids which is formed when arrays of nucleic acid 40 
fragments prepared from the recombinant plasmid pKTH1271 are used ' 

Our invention relates to riucleic acid reagents composed of an array of nucleic acid fragments 
These arrays of nucleic acid reagents comprise at least two, but preferably several, alternatinq 
nucleic ac.d fragments, up to 20 fragments, which are derived from one or several nucleic acids 
45 sufficiently homologous to the nucleic acid which is to be identified. Thereby there are obtained 
at least two series of alternating arrays of nucleic acid fragments, which must not be 
homologous to one another. 

The arrays of nucleic acid reagents can be prepared synthetically. In this case the fragments 
Uom the two alternating series of arrays of nucleic acid fragments, must not be homologous to 
50 each other. But they must be sufficiently homologous to alternating sites in the nucleic acids to 
be Identified. These fragments can easily be prepared by fully automatic machines after 
characterization of the nucleic acid sequence of the nucleic acid to be identified 
t' The nucleic acid reagents according to the invention are composed of separate, or joined, or 
[both separate and joined array of nucleic acid fragments. 
55 The arrays of nucleic acid fragments may be joined to a vector, contain parts of vectors or be 
totally devoid of vector parts. 

The nucleic acid fragments used have a minimum length of 1 5 nucleotides. There is no actual 
upper limit for length, but it is advantageous to use fragments having a length of 20-5000 
nucleotides The nucleic acid fragments according to the invention are derived either from the 
60 genome to be identified or from one part of the genome, for example from a relatively larqe 
f clone representing a certain part of the genome. The arrays of nucleic acid fragments according 
to the invention can thus be prepared from several independent genome areas which are not 
directly adjacent. The arrays of nucleic acid fragments thus prepared are combined and used for 
i the same reagent. The arrays of nucleic acid fragments can also be isolated from a DNA which 
65 IS not Identical to the nucleic acid to be identified but sufficiently homologous, so that a stable 65 
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nucleic acid fragments from the g^enome Theye are ^ITf hT'""'' *° °' ^"'-table 

prepare such arrays of fragments^ The man sSed in th^^ """"^ ^''"""^ "^^f"' "^^'^ods to 
5 fragments by synthetic or semisynthetic methods ^^'P"'" ^^^^^^ "^^'eic acid ' 

fra^m^^s^r^ Of alternating nuCeic acid 

a1a°cerrorarc^H-r^Th-n-.e1^^^^^^^ 

10 also composed of nucleic addTagments^ t^ult'^dos^^^ '° ^'^f- ^" are 

nucleic acid fragments belonging to the se es a J ! . t^^'^^^"' ^° ="°<her. The 1 0 

b.. b„ b3. etc. must not be homologous to each other ^'.^l'' '"f'^ belonging to the series 

belonging to the series a„ a, a, etc and thn« h i ^ P-'eferable that the nucleic acids 
isolated in such a way that ever^ second frln^ ''.1°'?9'"9 to the series b„ b„ b,. etc. are 

1 5 the b-series. as show^ in Fil s^ln Rg^V a' a' a an°d^h 'k''^ '"^"^^ to 

fragments sufficiently homologous to the nucleic acid . f ''^^^ °^ acid i 5 

Which the labeled array of nucleic acid l>aom.ot/ • ^''^^^ ^n array of hybrids m 

which an array of sandwich hyb f^^Ts .ofr^^/^;^^^^^^^^^^^ together. Fig. 6c depicts a case in 

30 nucleic acid fragments. In Fig 6 x represents thTn ^^°'"^.'' ^""^ ^^^^'^'^ ^^^^^^'^ ^^^ays of 
represent the labeled probe Ind a a Tad L ""^'^ ^""^ '° identified; b,. b,. and b, 

to a solid carrier. " represent arrays of nucleic acid fragments affixed 

Nucleic acid fragments which belong to the b-ser.>-: * ■ . " 

way that a labeled nucleic acid reaaent is nhtlir. ! ^ \ ' example, be labeled in such a 

35 which belong to the a-series b? af i^Jd^^^Ts^.-id c.rr ' ^ ""'^ ""^'^'^ ^^'^ '^^9-'^ 

reagent A bound to a solid carrier is oSLh "^^'^^ such a way that a nucleic acid 

labeled nucleic acid reagentTand a cor "tonH-"' «"«^"a«i^ely possible to prepare a 

carrier. ^ ' ^ corresponding nucleic acid reagent B bound to a solid 

40 can btp"repared^fo? s'Lve^^^^ ^."d respectively affixed to a solid carr.er 

suitable nucleic acid reagent coSa"ionr wh"' t T ' '^entified. They can be combined into 40 
pairs A, and B,. A, and B,. A3 and B e^c or R ! composed of different nucleic acid reagent 
containing arrays of nucleic acirfragmems which tden^i' d^f 

combined so that a probe A -A -7 irohtli^^w ^1 u ^'"^rent nucleic acids can also be 
45 nucleic acid fragments (a,-a -a )-(^ obtained which, for example, comprises an array of 

and a,, are arrays of nucleic acid frao'r^f^ ^ a ~^^J~^7^''- shown in Fig. 7, in which a... a, 
arrays of nucleic acid frag men'; a S 'dentify nucleic acid x; a„. a,, and a, ari 

nucleic acid fragments A^whrch fd^nX nuclTaddf an^'^-^'' ^" --V'S of 

part. Joined arrays of nucleic acid frVoIr . 1 ^""^ ^ vector-derived nucleic acid 

50 as suitable mixtures. fragments can. of course, also be used as separate fragments. 

in R^.TTsimJSa^netus id^n^ita^'^^^lir 'l^d.^ ^'"9 -^9-- 

course, nec^^sTrVJolTs^^aT^^^^^ is desired, it is. of 

idi?rtif7in-g-ffre-rrymijycr^^^^ 

55 solid carrier identifying the nucleir .^d , earner identifying the nucleic add y, and Fig. Be . 
nucleic acid fragmems afffx^d .0 ^ w"" ^"'^ ^c. b,. and b,. are arrays of 

arrays of nuclei^Tcid fragments afffxJ?.""''V!i"'' 'd.«""'y'"9 ""cleic acid x; b., and b,. a, 
b.. and b„ are arrays of nuc^ic add fr J^^ solid carrier and identifying the nucleic add y; and 
nucleic add z; and x y and I ar^Tht '^T^"'" .^j'"*^^ •° ^ ^olid carrier and identifying the 

60 respective sol.'d carriers o?1irters A 2 aV"""" 1° '^V.^^"^"'^^. F.. F, and F, are the 

simultaneously, if separate solid 'carV.Wc T' ^ 5 ^"'^^ identifies all the three nucleic acids 60 

TK« J .. .■ •^•-""j carriers are used. 

The above-described nucleic acid fraampnt • 
prepared by recombinant-DNA terhnm..^^ V reagents and reagent combinations can be 

^ different lengths are generated bv ulinn ^ """^ber of nucleic acid fragments of 
6r j . H " yeneraiea, Dy using restnction en7vmoc fr^^ .i,» 
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known. It ts possible to select fr6fti the genome the suitable adjacent fragments, generated by 
using restriction enzymes, and the fragments are isolated and amplified by using recombinant 
DNA techniques. 

When an unknown genome is involved, an intermediate stage can be used in the preparation ' 
5 of the reagents, m such a way that a relatively large restriction fragment is cloned, this fragment 5 
(s mapped, and the arrays of nucleic acid fragments series a,, a^, 83, etc, and b,, bj, bj etc., are " ' 
produced on the basis of the information thus obtained. 

It is, of course, possible to use combinations of the above methods and to use several large 
separate cloned restriction fragments as starting material, and to prepare several separate series, 
10 which are combined to form suitable combinations, ' 10 

It is advantageous to prepare the nucleic acid fragment series a,, 83, 83, etc., and b,, bj, bj, 
etc., according to the invention by using recombinant-DNA techniques in such a way that the 
series a is cloned into one vector, for example into the plasmid pBR322, and whereas the series 
b is cloned into another suitable vector, which does not have sequences in common with the 
15 previous vector. The bacteriophase Ml 3 is an example of such a second advantageous vector. 15 
The fragments belonging to the series a can be joined to one another, and the joined series can 
be cloned into one vector. For example, 3,-33, joined together, can be cloned as a continuous 
insert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 
reagent series b^-bj. in the cloning it is preferred to use vectors to which very large inserts of 
20 foreign DNA can be joined. For example, lambdaphage and cosmid vectors are suitable for this 20 
purpose. 

Thus, two reagent pairs comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 
substance to be identified, i.e. a probe, and a so-called filter reagent affixed to a solid carrier. 

25 Most commonly, radioactive isotopes are used for labeling the probes. For example in the 2 5 

British Patent Publication No. 2,034,323, the US-Patents Nos 4,358,535 and 4,302.204 the 
following isotopes are used: ^^9. '"I, '^ij and ^H. In the European Patent Publication No. 
79,139, the isotope ^'^i \^ used. Nucleic acid probes have also been modified in different ways 
and labeled with, e.g. fluorescent labels (French Patent Publication No. 2,518,755). Also 

30 enzymatic or enzymatically measureable labels are used (the British Patent Publication No. 30 
2,019,408, the European Patent Publication No. 63,879 and the French Patent Publication No. 
2,519,005). The European Patent Publications Nos 70,685 and 70,687 describe a light- 
emitting label and labeling method, and the French Patent Publication No. 2,518,755 describes 
an immunologically measurable label. The lanthanide chelates described in US-Patent No. 

35 4,374,120, especially europium, can be used as label substances. Also the biotin-avidin label 35 
substance described by Leary et al. (PNAS 80, 4045-4049, 1983) is suitable as a label. A few 
examples of labels which can be used for the labeling of nucleic acid reagents according to the 
invention are mentioned above, but it is evident that there will be developed new, improved 
label substances which are also suitable for the labeling of arrays of nucleic acid fragments 

40 according to the invention. 40 
The carriers suitable for filter reagents include various nitrocellulose filters (US-Patent No. 
4,358,535 and the British Patent Publication No. 2,095,833). The DDR-Patent Publication No. 
148,955 describes a method of binding nucleic acids chemically to the carrier (paper). 
, US-Patents Nos 4,359,535 and 4,302,204 describe chemically modified papers which can be 

45 used as solid carriers. Other alternatives include nylon membranes and modified nitrocellulose 45 
filters. But it is evident that there will be developed new materials which will be even more 
suitable for use as solid carriers according to the invention. It is, of course, possible to use also 
other solid carriers, such as various chromatography matrices such as triazine- or epoxy-activated 
cellulose, latex, etc. In principle, there are no other limitations to the selection of the solid carrier 

50 than those to be described below. It has to be possible to affix nucleic acid in a single-stranded 50 
form to the solid carrier so that these single-stranded nucleic acids can hybridize with the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
hybridization solution, or the hybridization solution must be easy to remove from the solid 
carrier. Also, the probe must not adhere to the carrier material itself so that it cannot be washed 

55 off. 55 
The above-described combinations of the arrays of nucleic acid reagent pairs A and B, or B 
and A, labeled and affixed to a solid carrier respectively, and from such nucleic acid pairs made 
for the identification of different nucleic acids it is possible to assemble a combination A, and B,, 
Ay and By, A, and B,. 

60 These combinations can be used for the simultaneous identification of the nucleic acids, x, y 60 
and z by sandwich hybridization methods. 

The sample is treated in such a way that the nucleic acids are released into the hybridization 
solution, and they are rendered single-stranded. The hybridization is carried out in a hybridiza- 
tion solution, to which both the nucleic acid reagents affixed to a solid carrier and the labeled 

65 ones are added. When hybridization has taken place, the filters are lifted from the hybridization 65 
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suitable washing solution The arrnv<; nf Jl^V u u^' -T earners are rinsed with a 

by methods kno'wn Par°?a. TtTadr^al^'^at^'^ls 'n^e^st^^ (Figs 8a. 8b. 8c) are detected 
5 by a scintillation counter or by a oamma-co untPr . example, by autoradiography 

'7i;STro^r;-r:ri JESSE'" ^ 

takes place at a temperature of 0-8o'c but 1°,^!!^.= The hybridization 

of es-C. Sufficient hybridization ma? oc'cSr r^ a ve'^ '^^^^^^ !°[ •^'^^TP'^' ^ ^^-P-a.ure 

hybridization periods of, for example! 12-20 hours " ^^^^^'ageous to use 

bulin%rra?e?h%"rtie'l^jf;e^^^^^^^^ P/'^'P'^ same manner, .5 

hybridization solution. When the hSrid zation hi. ""'^V^ ^^ded to the 

second hybridization is carried out in wMch the fabele^^^^^^ ""^'^^ ^ 

The above-described labeled nuclei's 1= , ^^"^ ^'"'^ reagent is present. 

20 B.. B„ B., etc.. can, of couS be JsTdIn di "^fh^rdi;^^^^^^^ combi, .^n A.. A,. A,, etc.. and 

nucleic acid sample in a solution must be divtdL f« I methods. In such a case the 20 
identified or. if the sample is XTd a soM ct -^J ^'^^ ^^'^ ^ ^ »° "e 

be prepared for each sample Thrformed a 1 of h 'k^w ^^1^^^ ^"''^^'^ '° ^ "^^'er must 

known per se. In Figs. 9. F represen ^the sofiH °[^r^'"^^ ^^'3- 9) -s detected by methods 

25 identified, and v the vector-dJKved parts The tb^^^^^^ ' l "'T' " "^^'^''^ ^^'^ '° "e 

and b, (Fig. 9b), and a„ b,. a,, b, ; a, (Fig 9c) ""'^ (Fig. 9a). b. 25 

from^ tt^S^ay^or^uderc'rcrd ^a^m"e^^:TctoS^°o^^^•'^'^ ^^''^ ^^^^^"^^ ''^ ^^'^ 
these combinations to identify s7v?^f different 1.^^ '° '^^^ '"^^""on. It is possible by using 

30 acid fragments homologou^to "hrdt feren;^^^^^^^^^ Arrays of nucleic 

separate fragments in the mixtures o ToTned .nn^ h - -dentified can be used as 30 

identifying several different nucleic aci^is obtained NucV.t " T""'^ ^^^"^^ 
earner must, of course, be kept separafe in orri^ f^T tK reagents affixed to a solid 

Hybridization using arrays of nuclJ rac^W frfn^in^ -dentif.cation to be successful. 

35 human, animal and plant SthoS^mfcrlro^o^ """"^ identifying various 

microorganisms present in^ooS's as' closuidia 's^ ' " '° ''^^"^'^ ^5 

cause food poisonings. The method is sShit W k ^w 'T'^^ellae. staphylococci, which 
water, such as enterobacteri^and emero:^^^^^^^ .dentif.cation of contaminants present in 

40 is a quantitative 

This characteristic is signi?icant in for exar^ntf V^Vh V " Q^he amplificatron. 40 

formation of a stable array of hyb;idrreS t'hl, .h. H °^ """^ treatment of cancer-.-Thi — 
reagent and the filter reagent are ocated vlithin !i sequences of the probe 

distance from each otherin the str"n5 If c?^.n^^'^ '^'^ ^ (^b). 

45 these two areas do occur, the change is c Lrv oh^^r?>f T'"\'^'P^^' »° '^e distance between 

is also suitable for the detection of ?hangid m^RNl chro^Lm^^^^ ^5 
rearrangement of immunoglobulin genes for TxnressionTnH r l^'^'''^^^^^ 
possible to construct various reaaent cnmhTnr, ^ f ' u hereditary diseases. It is thus 
For example, for the idenSaToH the causrt^e%o^^^ °! 7''''^ "'^'^ fragments. 

50 prepare kits which include a probe which contain^ ^ °' venereal diseases it is possible to 

I identify gonorrhea, syphilis herpes and chlarnvd^L^ VIT" °J ^'^''^ fragments which 

' "tVirentl^n'^Sr ^rP^tirh^^s a^^d^cJra"^ '"^ " -"'^'^ 

-i^ '-of nts comprising the recombi- 
55 the plasmid vector dBR322 DNa ). rV.J^'LZ °"^'''nant plasm.d pKTH1220 comp rises, in 
Chlamydiae. This recombin3nr^£^rn7d-^?H«f 1^^^^ "-^ "^^'^^ ^P^'^ic '° <he 

recombinant plasmidT27 1 cor^Ss in the ofalmrH'^"'' ^l^'^^'J"'"' K1 2 HB1 01 . The 
lovirus AD169. This recombinr^^n^^l^C^ plasm id vector pBR325, DNA from the cytomego- 

hosts containing the rLomb n^n p asm ds ;K?Hf22T 'h'' ^ruf;^"'" 
60 the culture collection Deutsche q™!.! ° ^""^ PKTH1271 have been deposited at 

D-3400 Gdttingen Wes, Ge^rntr^^^^^^ Griesebachstrasse 8, 

plasmid PKTH1220 i^OSMlsTs anJ^L rrnhLr^L'*:^ deposit containing the recombinant 
plasmid pKTH 1 27 1 is DMS2826 The dL"T,''li,?h f ^^7°^" ."'^'^'^'^O the recombinant 
application has been ^ deposits will be freely available once the patent 
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35 Table 1. 



10 



not, however, be understood as limiting the protective scope of the invention The structurP of 
the nude.c acid (DNA and RNA) is similar whether the question is oi a nucule acfd^^^^^^^^^ 
lZ'!^n7Z]l?^ °' VIT'^'''^ ^""^^'^ principles presented in the examples are 

R Ifr^. Jll Th ^PP''^^^'^ ^^^ds of animals (man included), plants and microbes or 

5 viruses. Thus the reagents according to the invention can be used to detect the nucleic acids of 
man, animals plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too. The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

10 Example 1 

l^L ^'''^^^^ nucleic acid reagents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 

15 transferred to the host organism Escherichia coli KM HB1 01 , by known methods. A gene bank 15 
of the Chlamydia trachomatis L2 bacterium was obtained as a result of the cloning, i.e. a large 
number of recombinant plasmids, each having a separate BamHI restriction fragment of DNA 
derived from chlamydiae. For reagent production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamydial DNA were selected from the gene bank One such 

20 plasmid is the one designed pKTH1220, which has been deposited at the culture collection 20 
Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
which for use as a reagent was demonstrated by a direct hybridization test. The test showed that 
pKTH1220 identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

25 The applicable fragments, obtainable by using different restriction enzymes, were selected 25 
from the pKTH 1 220-plasmid DNA, and some of these fragments were transferred by further 
cloning mto pAT153 plasmid (Maniatis et al.. Molecular Cloning. A Laboratory Manual Cold 
String Harbor Laboratory, p.6, 1982) and some to Ml 3 phage. Fig. 1 0 shows the recombinant 
plasmid pKTH1220, having a molecular length of 14 kb. In Fig, 10, BamHI, Sail and Clal 

30 represent the restriction enzymes used, and a,, a^, b,, b^ and illustrate the size and mutual 30 
locations of the fragments produced with the aid of these restriction enzymes The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids, and their use. 



35 



Recombinant 

Fragment Size Vector plasmid Use 

40 a, Clal-Sall 3.0kb pAT153 pKTH1252 Filter 40 

B2 Sall-Clal 2.9kb pAT153 pKTH1250 Filter 

b, Sall-BamHI 0.7kb M13mp8 mKTH1242 Labeled probe 

bj BamHI-Sall 1 .4kb M13mp8 mKTH1239 Labeled probe 

b3 Clal-Clal 1.7kb M13mp8 mKTH1248 Labeled probe 

45 b1-b2 BamHI-BamHI 2.1kb M13mp8 mKTH1245 Labeled probe 45 



The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 

50 by using known methods. ' 
The fragment BamHI-BamHI 2.1kb was produced as follows; the fragments BamHI-Sall 
1.4kb and Sall-BamHI 0.7kb of the plasmid pKTHI 220 were separated by gel electrophoresis 
in agarose gel, from which they vyere isolated. The purified fragments were joined to each other 
with the aid of T4 ligase enzyme, and of the 2.1kb DNA fragments produced in the reaction. 

55 those which had free ends which were identified by the BamHI enzyme were further joined to 5 5 
the BamHI restriction site of the double-stranded form of the M13mp8 phage DNA. Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTH1250 and 

60 pKTH1252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 60 
which IS formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 

(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 trachomatis by using the sandwich hybridization method 65 
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The sensitivity of an array of * " 

rendered single-stranded. The s^mn^e ,o h 5*^^" ^ ^50 (a,) and pKTH 1 1STL ) Dw?^^ 

solution, having the following composition 0 1 J l^n^^r?^ ^ ^ ^^'^ with a washinn 
gamma-counter. The results le shSw" 'in Tabil 2 and are the'' ^''^ counted u^g a 

1 5 Table 2. ^ ""^^"^ °' P^^al'el tests. 



20 



25 



30 



Hybridized radioactivity, 
with (b) a s the pr ov,^ 
wolecules/test b, b_ b 



Specimen 




10" 
10^ 
108 



37 
48 


37 
44 


33 

48 J 


49 


39 


226 
1475 


236 
1415 


232 
1456 


93 

396 

2912 


68 

416 

2637 



52 



140 
685 
3580 



35 b. 



40 



b.-b^ 
(b^-b2).b3 



380.000 cpm/test; 
340,000 cpm/test; 
350,000 cpm/test; 
310.000 cpm/test; 
700.000 cpm/test; 
700.000 cpm/test; 



5 X 10^ cpm/pgDNA 

4 X 107 cpm/pgDNA 

5 X 10^ cpm/pgDNA 
7 X 10 cpm/pgDNA 



45 



50 



55 



60 



Statistically calculated, the 95% r-nr.<:^ .- ■ 
{ = negative controls) was rega^d^d as ml rowJ^ '' ^V''" Performed without a sample 
cpm when the probe was b, b or h BR ^ positivity. These values wereT2 54 

probe was b.-b,. and 65 cpmVhen'ihf pX ^arbl-brbf' "henlhe 
S C^^^ao^^^ ^^^^^^.^^ ^^^^^^ ^^^^^^^ ^^^^ ^^^^ ^ 

cerSr:r fer:ctX:';^^ .TsT 'T'- r'"''- — suffering from ! 

urethra, specimens and .he female spe^^e'^tta"^^^^^^^ been isolated fromThe'm ^ 

Zu^r^i"] ^ sample-taking Suffer con"arno nM''''''l'^^ ^^''^^ were 

bj.fer.^3% fetal calf serum. ^0 .g/ml^ntamir/TSo^.g^/^.^van^^^^^^^^^^^^^^ 

san<?S'hybd"^^^^^^ specimens were also assayed by 

K "9 2-butano. to remove nqui^ f^r^ them ^'^^""l""- ''P«ci"^ens were concen 

L^f': concentration for the^ellnr.KlirTJ:': a way that the final volume"". 
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treated for 1 5 min at 55'C and for 45 min at 37X. Thereafter the specimen wa<; hnii.w q 
mm ,n 0.175 M NaOH. The boiled specimen was transferred to OX and neu^^^^^^^ 
equ.molar amount of acetic acid and tested. The filters and hybridization cond tlo^^^^^^ in 

^I hvh H- ""^^"^ 'V!^^ P^^^^ ^^^^ rT.KTH1245 (b.-b,). 300 000 cpm^O^^ 

/xl hybridization reaction. The results are shown in Table 3. .^^^u cpm/4UU 



10 



15 



Table 3 



Specimen Hybridized Results of . 

radioactivity chlamydia culture 



Man 1. 151 

Man 2. 164 

20 Man 3. 154 

Man 4. 61 

Man 5. 76 

Man 6, 55 

25 

Woman 1, 343 

Woman 2. 509 

30 Woman 3. 362 

Woma n 4 . 57 

Woman 5, SB 

Woman 6. 81 



+ 
+ 
+ 



+ 
+ 



Buffer, 30-55 



40 Chi, trachomatis 

L2 bacterium, 10^ 419 



1 5 



20 



25 



30 



35 



40 



45 



50 



45 The limit for positivity in the tests was 104 cpm. 

The result in Table 3 shows that sandwich hybridization using an array of nucleic acid 
fragnnents is suitable for diagnosis venereal diseases. The samples which were negative in the 
culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 

^^^r^K^rf^^ ^^^^^^'^ reagents from CYtornegalovirus and their preparation 

DNA fragments suitable for the diagnostics of Cytom^galS'virus were prepared from Cytomeqa- 
lov.rus (AD 1 69 ATCC VR-538)-{CMV). DNA was isolated and fragmented by known met'Sds. 
tcoRI fragment I of about 9 kb, defined in Spector et al.. J. Virol. 42. 558-582 1982 was 

bb isolated from agarose gel by electroelution after the EcoRI restriction fragments had been 55 
separated on the basis of their size. The eluted DNA was extracted with phenol, whereafter it 
^RR^ol?'*'/ ."^^^^ ethanor The DNA thus purified was joined by means of T4-ligase to the 
PBR325 plasm.d vector opened by using the EcoRI enzyme, and the produced recombinant- 

60 ?e.LlVt TZ ^''^"^ I'' ^-^f K12 HB101 host bacteria. From among ampicillin and tetracyclin 

bO resistent but chloramphenicol sensitive clones there was selected one which contained a 60 
cytomegalovirus-specific DNA insert of the correct size. The character of the cloned cytomeqalo- 
i^^F.^m r^N?A f Southern blot method. This test ensured that the described 9 

kb EcoRI-DNA fragment was derived from the DNA of Cytomegalovirus and, more specifically 
was included ,n its Hindlll-D fragment (Oram et al., J.Gen. Virol., 59. 1 1 1 -1 29 1 9^2 T^^^^ 

65 recombinant plasmid thus described was designated pKTH 1271, and it was deposited at the 65 
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in Fig. 12 were prepared by usino ih^ rLir-^- ^ ^"^"^ nucleic acid fragments shown 

shows the fragment's obtal^'edryVsingX ^^^^^^^^^ Pst? Fig 

location. Table 4 lists the sizes of thTLr? enzymes as well as their relative size and 

cloning, the names of the thus obtained ""'f fo the further 

reagents or as labeled probes Fig Ts shows an ra?of"'H'^ -'"kV"^'^ ^''^^^ ^'te^''^ 
when the array of nucleic acid fragmen^?i:ted in Tab' e /are ^ed ^"'^ 
Table 4. 



Restriction 



fragment Vector 



Designation 



use 



20 b. 



EcoRI-PsTi 

Clal-BamHI 

Pstl-PstI 

Pstl-Clal 

BamHO-EcoRI 



(3.3kb) 
(3.0kb) 
(0.6kb) 
(I.Okb) 
(LOkb) 



PBR322 
pBR322 
M13mp7 
Ml 3mp8 
Ml3mp8 



PKTH1273 

PKTF1274 

mKTH1277 

nnKTH1278 

mKTH1279 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 



30 DNA, rendered si ngle-st raided and Te f^^^^^^ both pKTH 1 273(a,) DNA and pKTH 12745^^ 
mKTH1277(b.), m?:TH 1 ^78(2;)^^^^^^^ labeled with -sj ,-3,,/-^ Jabfe i^ ^^ 

contamed 10^ cpm/;xg DNA. The hyb^^dizat on wi^^^^^^ '^'^^ P^^^es each 

results are shown in Table 5. "V^^'^'^afon was earned out as described in Example lb. The 

35 Table 5. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Specimen 
molecules/lieet 



10 

4x10^ 
1.6x10' 



Hybridized radioactivity. 



bl 
b2 
b3 

bl,b2 



^1 


^2 


^3 


^1-^2 


^l'^2'^3 




35 


33 


38 


45 


53 


45 


38 


44 ' 


46 j 


95 


125 




85 


135 


142 


205 


292 




203 


254 


265 


415 


645 


50 



310,000 cpm/test 
320.000 cpm/test 
300.000 cpm/test 
300.000 cpm of each/test 
bl,b2,b3 300,000 cpm of each/test 



55 



60 
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hybridization with a reagent of b b or h h h h1. . . molecules. On the other hand. 
5 CMV-DNA The results show thJ,' " V '^"^ ''O molecules of 

as individual nuciefc icid rer^^^^^^^^^ °' ""^'^'^ ^'^'^ as sensitive 

patient with CMV pulmonarv infection u^^c =^ O'sease. A lung biopsy specimen from a 

carrier, was Drecioitated u^ino in o^i u . "-eleased from the virus, together with the 

dissolved In 200^^1 of^E bufl and^w^^^^^^^^ temperature. The DNA precipitate was 

min, whereafter the DNA soluJorwarcooied to n r^^"^ '^"^ ^'^""^ ^ 

The lung biopsy specimL frfevTmri^s^ • ^t"^^"^ ^° hybridization solution. 

buffer conTainin'^'^l^^rioS so ut on a^d 1 ZZxT T"""^""^"^' ^'''^ ^ ^00 ^1 of TE 

digestion was carried out at Ts^X ?or 1 h wh^ Ll'lr" h'"''^ K-enzyme Was added to it. A 
injection syringe twice through fthin hypoSeTrnfcal neldl. ^P^"""'" ""^^ IT^^" ^" 
was boiled, whereafter it was^dded to tfeleTs'ut^n' homogenized 

pr^J^::'i=K t^^^^^^^ rc^letasttSv?^ - ^ ^^3- 

mJ?SlT7^Tb?). mKT^^^^^ pKTH1274(a,) on filters and 

other respects the hybridfzaSln ^ the vJash^n^^^^^^ ^Pn^/^e^ction. In 

30 carried out as described in Example Tb ^ ' counting of the results were 
The results of the present hybridization are shown in Table 6. 
Tafe/e 6. 



15 



20 



25 



35 



Specimen 



Infected cells (10*) 

Urine 1(10 ml) 
40 Urine 2(10 ml) 

Urine from a healthy 
person (10 ml) 

Lung biopsy specimen 

Control cells 10* 
45 No specimen 



Hybridized 




radioactivity 


Virus isolation 


3521 


Not done 


243 


CMV 


3215 


CMV 


52 


Not done 


535 


CMV 


68 


Not done 


65 


Not done 



dem^'n^uat CMl?n di'eter di^^ "^'"^ ^ of nucleic acid reagents, to 

50 The test is specific to cytomega lov rJs Ho^t ^^^^ """^ '""9 biopsy specimens and cells, 
interfered by the human DNA present in the sample 'in'Sc/t^T'" ""T' ' '""^ '''' 
interfere with the specifity of test in any way. ^ ^^''^ °' specimen does not 

CLAIMS 

" acid 4"rntms"''' *ev comprise of aU.ma.ing nucteic 

as 5. ""-e,cac.,ea.e^„..„p,d.^^'<;'^,-:^^l:lr°4^r,'aS■'f„'7^^^^^ 
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25 



30 



35 



40 



45 



50 



55 



60 
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PKTH1271 IS DSM 2826. containing the recombinant plasmid 

nucleic acid ,e.g.„,s „e assembfed from »"i«bte c«mbin„ioi. „, 

10 Tk"° scids. °' "f gments suKicientfy homolo. 

20 me„,„ds a,e dc,„ons„a,,d by Si" ^V.T// °' '"^ hybridi/a,L ! 

s,ndiicrbySs;i^c're,rJdV\r^^^^^ ^. 3. < a. , „ s i„ ' 

.h. sandwich bybrid n,.,bod. Vernon iud "b*^,V^^^^^^^^^ hybrids Wed ,„ 

25 e;/o,;,Tbta°c1re:'n''S"^fara;r"cfScrF'^^^^^^^^ 3 4 S 

'",T^Trb':rar2„T,oTat 

nocleic acid fragmeo,, comprises: ' ^'""""""i the preparation of ,he arrays of 

30 S Lro'n^g"or,h%t"Se'd"„"S" "'"2 °' '"S* 

(c) the f'=9mcm,,l"f=^'^°„''„™J^''=."''; '"to suitable „ecl«rs 

S tt ::?nrolThel:a%-S^^^^^ o^'^^rni'slSon^rieT 17^"^ sui.abie ,i„ 

3s ^rti,?bf;£-TrSEFr"^'^^^^^^ 

• ^-TA 1AY. from which copies may be obtained. 
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